To examine how various aspects of attentional functioning are affected by autonomic selfregulation procedures, this study compared the effect of two treatment programs (EMG and thermal biofeedback used in conjunction with various somatic and cognitive relaxation/selfregulation strategies, and Benson's Relaxation Response procedure) and a Waiting List control group for essential hypertensive adults on three, perhaps overlapping, attentional dimensions: the capacity to disembed figure from ground (Embedded Figures Test, Block Design, and Picture Completion WAIS subtests); the capacity to voluntarily deploy attention (Digit Span subtest of the WAIS), and the capacity to sustain attention or become absorbed (as measured by the Tellegen Absorption Scale). Thirty essential hypertensive men and women were randomly placed in one of the three groups. Attentional dimensions were assessed before and after the 10-week treatment program (or waiting period) and the relationship between blood pressure and attentional changes were assessed. The only group to evidence significant blood pressure reduction, the "Biofeedback Group," became significantly more Field Independent as measured by the EFT (p<0.001) and the Block Design measure (p<0.01) and evidenced a strong trend in the same direction on the Picture Completion measure (p<0.052, NS). No other significant pre-post attentional changes were found. A Pearson product correlation revealed that changes in diastolic blood pressure were significantly correlated with changes in EFT (r=0.54, p<0.0001) and the Picture Completion measure (r=0.32, p<0.05). The cognitive effect of autonomic self-regulation is discussed. In addition, the possible role of attention in autonomic self-regulation is examined.
INTRODUCTION
Some individuals seem to be able to learn how to voluntarily regulate certain aspects of their autonomic nervous system. However, it is unclear what occurs psychologically during this process. Although there have been relatively few attempts to systematically investigate the relationship between personality traits and successful (or unsuccessful) au-tonomic self-regulation learning, recent research (e.g., in heart rate self-control) has been relatively unimpressive (1) . Most studies have examined how a psychologically related content (e.g., a given thought or a set of beliefs about locus of control) relates to autonomic self-regulation. Investigators have not examined how underlying cognitive processes (e.g., perception and attention) may affect and be affected by autonomic self-regulation learning.
Clinicians and researchers alike have long noted that attention is an active, if not fundamental part of the autonomic self-regulatory learning process (2) (3) (4) (5) (6) (7) (8) . However, there has been surprisingly little systematic research on the relationship between attention and the self-regulation of relaxation and autonomic processes. Of notable exception is the work of Davidson and Schwartz (9) who have concep-tualized relaxation techniques in terms of the locus of attention (either cognitive or somatic), and the active versus passive demands of the technique. More recently, Fromm (10] has developed an interesting ego psychology model of hypnosis as well as other altered states of consciousness (i.e., relaxation, meditation and hypoarousal biofeedback induced states) that highlights the importance of attention in altered states. One of the only studies to examine the effects of relaxation procedures in attention is Braud's (11) work, which revealed that seven out of ten children who learned to practice Progressive Relaxation, with EMG feedback, increased Digit Span scores after 6 weeks of training. Digit Span has been considered to be a measure of attention deployment (12, 13) . In perhaps a related manner, recent research on biofeedback and cognitive functioning revealed significant correlations between magnitude of blood pressure reduction and improvement on Category Test scores subsequent to training (14, 15) . The Category Test, a subtest of the Halstead-Reitan Neuropsychological Battery utilizes attentional capacities, among other cognitive functions.
Although it is unclear how autonomic self-regulation occurs psychologically and physiologically, patients in relaxation and autonomic self-regulation treatment programs are taught to develop an array of attentional strategies to become more aware of internal processes and relationships. 1 For instance, when we ask a patient to focus on a specific internal or external stimulus, we may be teaching them to sustain their attention and concentration. When we ask patients to focus their attention in a more broad fashion ("let yourself be aware of whatever you experience, and just let whatever happens, happen"), we may be teaching them how to focus attention broadly while maintaining a receptive mental set, as well as increasing the capacity to discriminate internal stimuli (i.e., sensations, images, emotions, and thoughts).
It is thought that in autonomic selfregulation training, we teach patients to pay attention in at least three ways: to disembed the figure from the ground, to voluntarily deploy attention, and to sustain their attentional focus in the service of the task. To the extent that autonomic self-regulation learning involves the disembedding and discriminating of appropriate sensory cues (figure) from the vast internal field of sensations, images, feelings, and thoughts (ground), we hypothesized that successful autonomic self-regulation learning would result in an increased capacity to select the figure from the ground. This aspect of the attentional processes may be akin to the cognitive dimension termed field independence/dependence by Witkin and his co-workers (17) . Although there have been no studies examining the effect of autonomic self-regulation on this aspect of attentional functioning, several preliminary studies have shown a correlation between level of field independence and *It is unclear whether increased awareness of internal states is a necessary condition for autonomic self-regulation to occur. See Williamson and Blanchard (16) for a recent review and preliminary integration of some of current theoretical models that attempt to explain how heart rate and blood pressure regulation occur. Although they note that past research on the relationship between psychological processes and autonomic self-control has not been fruitful, relatively little work has been done. Investigations have tended to assess emotions (i.e., anxiety) and beliefs (i.e., locus of control) as predictive or influencing factors in heart rate self-regulation. successful autonomic self-control (18, 19) .
In a recent clinical pilot study on biofeedback treatment of essential hypertension (20) , patients described how they were more able to effectively pay attention to their experience. Clinically, the effects of various modes of attention deployment are closely related to the quality of sustained interest or absorption. In the only study in this area, Roberts et al. (21) correlated level of absorption or the capacity to sustain attention and peripheral temperature regulation. However, they found that the capacity to sustain attention was not a necessary condition for learning peripheral temperature regulation.
The Present Study
The present investigation compared the effects of two autonomic self-regulation treatment programs and a Waiting List control group for essential hypertensive adults on three attentional dimensions: the capacity to disembed the figure from the ground, the capacity to voluntarily deploy attention, and the capacity to sustain attention or become absorbed. These attentional dimensions were assessed before and after the 10-week treatment program (or waiting period) and the relationship between blood pressure and attentional changes were assessed.
METHODS

Subjects
Male and female volunteer subjects with essential hypertension were referred by their private or clinic physician. Ten adults (six women, four men; aged 26 to 72 yr; mean = 47.4 yr) who were using biofeedback (EMG and thermal) and a variety of cognitive and somatic relaxation autonomic self-regulatory procedures (progressive relaxation, imagery, autogenic phrases) to lower their blood pressure were compared to ten adults (five women, five men; ages 31 to 68 yr; mean = 48.2 yr) who utilized Benson's Relaxation Response to lower their blood pressure. Participation was voluntary and experimental procedures were fully explained. A description of the intent of the study was mailed to the volunteer's physician, who had to agree to their participation.
For inclusion in this study, the patient had to have been diagnosed as essential hypertensive for at least 2 yr. Furthermore, patients were excluded if their hypertension was other than "essential" or had major complications related to disease, or other serious medical or psychological illness. Although all subjects were responding adequately to medical treatment, most were interested in the possibility of being able to reduce antihypertensive medication. Potential subjects who met these criteria were seen for psychological assessment and bilateral sitting and recumbent blood pressure measurements (the results of which will be described elsewhere). Subjects were then randomly assigned to one of the two treatment groups or to a third waiting-list control group (six women; four men; ages 28 to 54 yr; mean = 37.8 yr). All participants were requested to continue their current dietary and medication practices and medical care and to inform the investigators of any change in their regime during the study. All but three of the participants were on antihypertensive medication. An internist rated amount of medication and relative potency. A t test revealed no significant differences in the amount (type and amount) of medication among the three groups. After subjects were selected for inclusion, individual treatment (to be described below) began for members of the two treatment groups. The attentional measures wore individually administered one week before and one week after the 10-week treatment program.
TREATMENT GROUPS
Biofeedback /Self-Regulation Treatment Group
Patients were seen twice a week for 10 weeks. At the initial treatment session, the operation of feedback hardware was explained to the biofeedback group patients. They were given the expectation that learning to relax, warm their hands, and lower EMG recordings would lead to therapeutic improvement. Each session began with a discussion of the patient's experience and then listening to two sets of prerecorded relaxation, visualization, and self-regulation audio tapes (developed by K. Sedlacek, M.D., and T. Budzynski, Ph.D.). These tapes were used while the patients received EMG feedback for four weeks, and then peripheral (finger) temperature feedback for the next four weeks. For the last two weeks, either EMG, thermal, or no feedback was used, depending on the patient's wish. At the end of each session, the patient's experience was discussed with the therapist. The nature of these supportive psychotherapeutic interactions ranged from relatively superficial to highly personal. Patients were instructed to practice specific exercises at home twice a day for 15 to 20 min. Blood pressure was recorded by the therapists before and after each session.
Relaxation Response Treatment Group
Patients in this group were given instructions outlined by Benson (22) . They were seen once a week for 5 weeks and again 5 weeks later. Initially patients were taught to practice the relaxation response, which involves sitting quietly, relaxing their muscles, and then reciting the number "one" silently to themselves with each exhalation. They were instructed to concentrate on this recitation and passively bring their attention back to it if their minds wandered. After learning this simple meditative procedure, patients practiced it for 15 to 20 min, and then discussed their experience with the therapist. Expectations for improvement in hypertension as they mastered the relaxation response procedures were given.
Subsequent sessions began with the patient discussing the treatment experience with the therapist, practicing the relaxation response and then again discussing their experience with their therapist. As in the biofeedback group, the nature of this supportive psychotherapy varied. Patients were instructed to practice the relaxation response procedure at home twice a day for 15 to 20 min.
Waiting List Control Group
Since essential hypertension can run a fluctuating course, it was useful to include a group that received no treatment other than blood pressure monitoring, but who expected to receive treatment. If patients had sought hypertensive treatment during an acute phase of their disorder and improved spontaneously, this control should detect that phenomena. Patients in this group were told that due to the large number of volunteers in the project, not everyone could be treated initially. They were asked to continue keeping their daily blood pressure records and told that they would receive whichever treatment seemed superior. (The results of the subsequent treatment program for these patients will be reported in the future.) Physiological and psychological evaluations were completed before and after a 10-week period.
MEASURES
Measure of Field Dependence /Independence
Embedded Figures Test (EFTJ. This is an instrument that has been shown to be a measure of one's capacity to disembed figure from ground, or level of field dependence/independence (see 23 for review). Although strictly speaking, the EFT assesses a relatively stable style of visual perception, this visual perceptual style has been shown to be associated with a particular cognitive style (17) . A number of considerations suggest, however, that quite misleading conclusions are often drawn from such studies (24, 25) . Accordingly, the present study included other measures of field dependence /independence, Block Design. This subtest of the Wechsler Adult Intelligence Scale (WAIS) is a measure of one's ability to perceive forms (synthetic or abstract approach) and break them up into component parts (analytic) (psychomotor conceptualization]; it also measures visual motor coordination and space orientation. This, as well as the Picture Completion and Object Assembly subtests of the WAIS, appear to involve the capacity to overcome embeddedness and in fact correlate highly with the EFT and other standard measures of field dependence/independence (26) . These three subtests have been used in many field articulation studies (27) .
Picture Completion. The Picture Completion measure which also has been used as a measure of field dependence/ independence, assesses an individual's ability to differentiate essential from unessential details, as well as basic perceptual and conceptual abilities in visual recognition and identification of familiar objects and forms.
Attention Deployment
Digit Span. The Digit Span subtest of the WAIS has traditionally been considered a measure of attention deployment (12, 13) . It also assesses what has been called mental control, the ability to do intellectual work which requires concentrated effort and short term memory.
Absorption or the Capacity to Sustain Attention
TelJegen's Absorption Scale (TAS).
This psychometric instrument is designed to assess the disposition for episodes of total attention that fully engage one's representational resources (28) . Among other things, Tellegen and Atkinson (28) suggest that people scoring high on the task are relatively impervious to normally distracting events or can sustain their attention. A number of additional lines of research all suggest that absorption is associated with a capacity to attend in a sustained fashion. For example, it has been found to correlate with hypnotizability in the range of 0.4 (29, 28) . It is interesting that differences in attentive ability have been noted between high and low hypnotizable subjects using both behavioral (30) and electrophysiological (31) measures. The Absorption Scale seems to assess a new personality dimension (32) .
The measure used in this study is an updated version of the absorption scale used by Tellegen and Atkinson (28) . It consists of a 37-item scale interspersed with 38 additional filler items to make a 75-item questionnaire. Subjects who feel the following kinds of attitudes, opinions and interests primarily to be true for themselves would score high: "I like to watch cloud shapes change in the sky"; "If I wish I can imagine or daydream some things so vividly that they hold my attention in the way a good movie or story does"; "Sometimes I change noise into music by the way I listen to it"; and "Sometimes thoughts and images come to me without the slightest effort on my part."
Blood Pressure Measurement
Blood pressure was measured in three ways: Once a day by the patient at home (at the same time each day); by a "blind" nurse once every two weeks; and by the therapist before and after each session. All were derived by taking three measurements using the standard method (i.e., stethoscope and sphygmomanometer]. The mean of the three readings was used as the value for that time. Because the three sets of blood pressure levels were not significantly disparate, the therapist's recordings were used in this study.
RESULTS
Intercorrelations among Attentionally Related Test Measures
A correlation matrix computed for the six attentionally related pretreatment measures is presented in Table 1 .
Although statistically significant, these correlations are quite unimpressive and tend to support the notion that absorption is independent of perceptual disembedding (33, 34) .
Pretreatment Baseline Data
To determine if any of the three groups differed in average blood pressure or psychological levels (as measured on the attentional tests) prior to the beginning of training, a series of one-way analyses of variance were performed between groups assessing baseline blood pressure, amount of medication, and pretreatment attentional measures. To establish baseline blood pressures, two pretreatment evaluations were used: (i) mean blood pressure obtained in three recordings taken during a psychiatric screening evaluation, and (ii) mean blood pressure obtained one week later, both supine and sitting, Results of the analyses of variance showed no significant differences in baseline blood pressure, amounts of medication, and pretreatment attentional measures among groups (p>0.10).
Pre-Post Field Independence /Dependence Changes Across Treatment Groups
A one-way analysis of variance (twotailed) for pre-post Embedded Figures Test change scores revealed a significant main effect for groups [F(2, 27) = 10.72, p<0.001j. As can be seen in Table 2 , the Biofeedback/Self-Regulation group evidenced significantly higher increase in Field Independence relative to both the Relaxation Response and Waiting List control groups.
A one-way analysis of variance for pre--post Block Design change scores revealed a significant main effect for groups [F(2, 27) = 7.71, p<0.01]. As can be seen in Table 2 , the Biofeedback/SelfRegulation group evidenced a significantly greater increase in Field Independence relative to the other groups on the Block Design test. A one-way analysis of variance for pre-post Picture Completion change scores revealed no significant differences. However, there is a very strong trend in the direction of the Biofeedback group becoming more Field Independent as assessed by the Picture Completion measure [F(2, 27) = 3.301, p<0.052, n.s.).
Attention Deployment
Attention deployment was operationally characterized by performance on the Digit Span subtest. A one-way analysis of variance of pre-post Digit Span change scores reveals no significant differences between the three groups (p>0.10).
Absorption
A one-way analysis of variance for pre--post absorption change scores revealed no significant differences between groups. As can be seen in Table 2 , there is a trend in the direction of the Biofeedback group becoming more able to sustain attention (p<0.2).
Blood Pressure
As noted above, there were no significant baseline blood pressure level differences (or amount of any hypertensive medication) between the three groups. Midway through the 10-week treatment program, both the Relaxation and Biofeedback groups had both slightly reduced systolic and diastolic blood pressure (although not to a clinically significant level). At the end of the 10 weeks, a one-way analysis of variance revealed a significant main effect for groups [F(27, 2) = 8.23, p<0.01J for diastolic blood pressure. There was no statistically significant change for systolic blood pressure. As Figure 1 shows, the Biofeedback/SelfRegulation group reduced systolic as well as diastolic blood pressure at the end of the 10-week treatment program (baseline blood pressure, 144/95; post treatment blood pressure, 131/83). The Relaxation Response group had returned to baseline at the end of the 10-week treatment period (post-treatment blood pressure, 143/94). The control group patients did not evidence any significant blood pressure changes over the 10-week period (p>0.1). A Spearman correlational analysis of the relationship between pre-post attentional changes and each group's diastolic blood pressure changes was undertaken. Rho was significant for Relaxation Response group and EFT {p~0.79, N=10, p<0.01) and Digit Span (p=0.75, N = 10, p<0.01). In addition, the Biofeedback group was correlated with the absorption measure (p=0.57, N=10, p<0.05).
DISCUSSION
Our findings indicate that essential hypertensive adults who learn procedures to significantly reduce diastolic blood pressure become more able to discriminate and select the figure from the ground than those who do not reduce diastolic blood pressure. Although there is a significant correlation between this increased attentional ability and diastolic blood pressure fall, these findings may reflect group differences and do not indicate that autonomic self-regulation per se is responsible for increased field independence. The Biofeedback /Self-Regulation treatment group received more contact with the therapist, many more treatment sessions, and were exposed to a variety of cognitive and somatic self-regulation strategies (i.e., imagery, autogenic phrases, etc.). The "Biofeedback" group, in addition, obviously, received biofeedback. Regardless of whether they learned to regulate autonomic processes, the significance of the biological feedback may be that it assists, and thus tends to accelerate, perceptual selection, discrimination and identification of appropriate sensory cues.
Although it is unclear what caused the Biofeedback/Self-Regulation group to become more field independent, the results are striking. It has been previously reported that field dependence/ independence is a reliable and relatively stable cognitive index (35) (36) (37) . These changes in field articulation are consistent, however, with other recent research findings that suggest that an internal focusing of attention over a period of time in hypoaroused states (which may increase the saliency of internal cues) results in increased field independence (38) (39) (40) . In addition, Goodenough and Witkin (41) have recently reviewed the impact of a number of training programs on field independence. Contrary to earlier expectations, they suggest that performance on measures of field dependence may be improved by practice and certain forms of educational effort. It appears as if learning to relax while using certain forms of biofeedback and a variety of self-regulation strategies may be one such form.
Witkin recently suggested that the field independent and dependent cognitive styles now seem best conceptualized as "tendencies to function with greater or less autonomy of external reference" (42) . Witkin has also suggested that being relatively field independent reflects a greater awareness of, and capacity to differentiate, internal experiences (17) . The clinical Biofeedback/Self-Regulation treatment situation is designed in part to increase body awareness and an awareness of psychological-somatic interrelationships. One may speculate that this not only supports the development of a greater awareness of internal experiences but also provides the individual with the opportunity to practice being relatively autonomous of external reference. It is interesting to note that in post-treatment interviews, biofeedback group participants spontaneously reported becoming aware of and sensitive to a significantly greater number of psychological and/or somatic factors (e.g., sensations, sources of stress, auditory and olfactory stimuli) than did individuals in the Relaxation Response group (t = 3.67, p<0.01). Spe-cifically, all ten Biofeedback group participants reported becoming "more sensitive" to psychological and/or somatic factors, in contrast to three participants in the Relaxation Response group. Interestingly, three out of the ten patients in the waiting control group reported feeling more relaxed and aware of their physiognomic reactions as a function of their blood pressure evaluations. In fact, two of these patients spontaneously described how valuable it was to receive feedback as a way of increasing their understanding of their responses to various kinds of stimuli.
The present findings may complement Jacobson's (43) demonstration that brief sensory deprivation resulted in increased field independence. He suggested that this was due to the reduction of external stimuli which, in turn, increased the saliency of internal cues. Kurie and Mordkoff (44) investigated whether it is an increased awareness of somatic activity and /or sensory deprivation that results in increased field independence. They found that although both groups became significantly more field independent than a control group, the "somatic concentration" group increased the most, as measured on the Rod and Frame Test.
Whether or not autonomic self-regulation learning is responsible for the reported increase in field independence, the present study suggests that these attentional and discriminatory capacities may be developed and /or restructured in the course of autonomic self-regulation training. In a post-treatment interview, when patients were asked to describe what they were learning in the current study, 70% of the biofeedback group patients described how they were learning to "pay attention" and differentiate internal and external reactions (i.e., how a given thought seemed to evoke a certain sensation, or, how certain feelings seemed to result in an increased peripheral temperature). These subjective reports are similar to reports from a recent review (4) and previous pilot study (20) and suggest the notion that "mental focusing" or attentional processes constitute an underlying cognitive process common to most successful relaxation/self-regulation procedures. Although no patients in either of the other two groups reported similar experiences, the present study does not clarify whether the experience of "learning to pay attention" is specific to the biofeedback per se and /or the various cognitive/somatic strategies and /or time with a therapist.
It is unclear why the biofeedback group became more field independent on some measures (i.e., the Embedded Figures Test, Block Design, and, to an almost significant extent, Picture Completion) that purport to assess this dimension and not the Digit Span which intercorrelated with all the other field dependence/ independence measures. Although Digit Span was significantly correlated with the other field independence/dependence measures, and may in fact utilize perceptual disembedding skills, it has never been considered a measure of field dependence or perceptual disembedding. Rather it has most commonly been considered a measure of immediate auditory memory and/or attention deployment (12, 13, 45) . It is interesting to note that many of the cognitive relaxation and selfregulation strategies that were used in the biofeedback group's treatment program involved visualization (e.g., "visualize yourself..." or "visualize the blood flowing to the tips of your fingers"). Both measures of field independence that evidenced significant changes (or a very strong trend in this direction) in the biofeedback group require visual perceptual processes. In contrast, the Digit Span requires auditory perceptual processes. Further research will need to more systematically evaluate the relationship between the particular self-regulation strategies (e.g., autogenic training versus progressive relaxation) and (neuro)psychological changes that may be related to particular brain functions.
Any one cognitive process, like attention, obviously operates within a larger psychological and physiological context. Many psychological and physiological variables may interact with visual-perceptual disembedding processes. For instance. Wachtel (46) has demonstrated the importance of motivation in field independent /dependent performance. One may speculate that the patients in the biofeedback group may have been significantly more motivated to learn (perhaps from more contact with the therapist) and hence, show greater field independence changes.
The capacity to become absorbed or for having periods of "total attention" may be conceptualized as a cognitive skill. This study suggests that it is not a cognitive capacity that is significantly affected by or correlationally related to successful autonomic self-regulation training. As noted above absorption has been found to be related to hypnotizability (28, 29) . Although recent reports question whether this is a valid relationship, to the extent that it is true, the present results support the Dumas (47) and Roberts (21) findings that successful autonomic self-regulation (with biofeedback) does not correlate with hypnotic ability and capacity to become absorbed.
This study suggests that certain aspects of attentional functioning may be affected by nonpharmacological regulation of essential hypertension. Many investigators continue to study learning as if what is learned depends only upon what is "out there," ignoring the important role of the individual's selective attention. Future investigations into the role of attention and autonomic self-regulation learning will need to refine the methodology for studying attention, and may need to simultaneously measure multiple aspects of biological and psychological processes to more fully understand the relationship between attention and the voluntary control of internal states.
The present study supports the notion that the individual in an autonomic selfregulation training program is not a passive recipient of stimuli, but may be actively processing information through previously existing biocognitive structures. The self-regulation of changes in specific patterns of biological processes (i.e., diastolic blood pressure) seem to be associated with shifts in the relative attentional style of the individual. Future research is needed to more fully understand whether shifts in the "central software" will consistently have significant effects upon the quality of perception. As re-! search increasingly shows that attentional ! processes and skills function as a control system (48) continuing research in this area may aid in the selection of patients . suitable for nonpharmacological methods j of hypertension treatment.
In summary, study of three aspects of attention-perceptual disembedding, absorption, and attention deploymentbefore and after autonomic self-regulation training, shows that essential hypertensive adults who learned to lower blood pressure became significantly more field independent on two out of the three measures of perceptual disembedding. There
